In this paper, we investigate the claimed optimality of a new method -Revised Distribution (RDI) Method -for finding optimal solution of balanced and unbalanced transportation models directly and compare the RDI method with other such methods. A large set of problems have been tested by RDI and other methods, and the results were compared with the Modified distribution (MODI) method -an optimal method. We found that the mostly the results of RDI are not optimal. For reference to prove our observations, we have added three example transportation problems here in this work and compared their results with MODI method to show that the RDI method like the direct exponential approach (DEA) method is not optimal method; but it is just an initial basic feasible solution (IBFS) for transportation problems. Jamali et al.; ARJOM, 15(4): 1-10, 2019; Article no.ARJOM.52506 2
Introduction
Numerical methods to solve optimization problems are a basic and appealing field in mathematical and engineering research nowadays. There are many problems in which the objective is to maximize or minimize the dependent variable depending on optimal choice of the decision variables [1] [2] [3] [4] [5] [6] [7] . Transportation Problem is a special type of linear Programming which is concerning with the distribution of goods or services, which are transported from sources to destinations, the main aim of Transportation Problems is to minimize the cost of single Commodity [1] [2] [3] . For optimal solution of Transportation model has two steps: first step is to obtain an initial basic feasible solution using a total of one less equations than the n sources and m destinations. The second step is to find the optimal solution [1] . There are several methods for finding an initial Basic Feasible Solution of Transportation Problems, the most ancient and basic are the following three. First is the North West Corner Method (NWCM), which was developed by Hitchcock in 1951 [4] , but it does not guarantee for best solution. Salvemini in 1939 and Frechet in 1951 also described same method [1, 4] . Another method is the Least Cost Method (LCM) which is better than NWCM but it may also take more iteration to reach IBFS, and the third method is Vogel's Approximation Method (VAM), which has best solution and it is much better than NWCM and LCM [1] [2] [3] . There are two optimal methods one is stepping stone method (SSM) which was introduced by Cooper in 1954 [5] , and other is Modified Distribution method (MODI) which is modified version of stepping stone method (SSM) [1, 3] .
Besides the ancient methods, researchers have been keen in proposing new methods to directly find the optimal solution of transportation problems. For example the revised distribution (RDI) method in [6] and another method in [7] were claimed to be optimal. Some innovative and alternate methods were proposed in [8] [9] . Another optimal method was claimed in [10] in 2010. A heuristic strategy was also used long ago in 1990 in [11] . Another direct optimal method, known as direct exponential approach method was claimed by Vennan and Rekha in 2013 [12] whose non-optimality was proved by Soomro, Jamali and Shaikh recently in 2017 [3] . Like-wise, besides the transportation problems where the cost is to be minimized, there exist other similar problems, for example the wind-turbine micrositiing problem [13] [14] [15] [16] [17] in which the cost per unit turbine is minimized and power produced is maximized, and the perturb-observe methods to track the maximum power point in solar photovoltaic systems [18] .
It is of much importance to investigate the claimed optimality of new methods for the solution of transportation problems so that the research community can promote and recommend the nest and straight forward methods to the field engineers, policy makers and practitioners. To continue this zeal as in [3] , we investigate the optimality of RDI method [6] on some test problems against VAM [1] , DEA method [12] and the optimal MODI method [1] [2] [3] . We outline with detailed working three cases where the RDI method fails to be optimal.
Materials and Methods
In this section, we overview general structure of transportation problems and quote the RDI method algorithm.
General transportation problem
The objective of the transportation problem is to reduce the shipping cost of commodities which are transported from origin to destination to meet the conditions of supply and demand requirement.
The basic steps of the transportation method are given below:
Step 1. Determine initial solution of transportation problem.
Step 2. To check whether solution is optimal or not, if optimal then stop, otherwise go to step 3.
Step 3. Improve the solution by MODI or stepping stone method.
The mathematical formulation of a transportation model of LP is defined as:
Non-negativity restrictions ≥ 0, (i and j to belongs to N)
Where Z: Total transportation cost to be minimized. C ij : be the cost of per unit transportation of single commodity.
x ij : be the number of quantity of commodity to be sent from origin a i : be the number of quantity of supply at each source i. b j : be the number of quantity of demand at each destination j. Improve the solution by MODI or stepping stone method.
) (i and j to belongs to N)
Where Z: Total transportation cost to be minimized. : be the cost of per unit transportation of single commodity.
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Transportation array in general form
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For more general overview, we explain the linear programming problem and its mathematical model through the following example so that the numerical results in the forthcoming section can easily be related with real world situations.
If a carpenter manufactures chairs and tables in a way that he spends 6 hours on chair and 5 hours on tables. Besides, the chairs and tables, respectively, require 3 and 4 hours of painting. Assume that the profit on a chair and a table is Rs. 100 and Rs. 70, respectively, and the carpenter has 90 hours per week. If he wishes to sell all the chairs and tables manufactured by him, then the linear programming problem with the objective to maximize his profit can be mathematically modeled as: Similarly, in the transportation problem, we need to find the optimal number of units of product to be transported from sources to destinations so that total demand and supply exhaust and the cost is minimized.
The algorithms of NWCM, LCM, VAM and MODI methods can be found in [1] [2] [3] and [5] , whereas of the RDI method in [6] and of DEA method in [12] . For reference, we briefly quote here the algorithm of RDI method -which is the main method being investigated in this study -from [6] .
Step 1. Initiate by overlapping minimum value of supply and demand column and row, respectively. Select a value with least cost from supply or demand in case a tie occurs.
Step 2. Now compare the value of capacity available in row and demand of column and allocate according to demand or capacity as per the least possible.
Step 3. Incase column-demand exhausts, go to the next minimum quantity supply and demand colum and row, respectively as in Step 1.
Step 4. Again and again go through steps 2 and 3 till all allocations are made and the demand and supply exhaust.
Numerical Problems, Results and Discussion
Here in this paper, we have added three (balanced and unbalanced) transportation problems and solved with RDI method. [3] . The description of this problem is shown below. The final cost by RDI is mentioned in Table 1.   1  2  3  4  5  6  SUPPLY  A  9  12  9  6  9  10  5  B  7  3  7  7  5  5  6  C  6  5  9  11  3  11  2  D  6  8  11  2  2  10  9  DEMAND  4  4  6  2  4 2 22 It should be noted that the cost obtained by a method would be optimal if no other lesser value of cost under the same constraints are possible, i.e. the obtained cost is the least possible. On the other hand, if there is still room to reduce the cost beside all constraints are satisfied, then a method obtaining a higher cost would be non-optimal. On the basis of this criterion of non-optimality, the results can be interpreted. Table 1 . lists the summary of numerical experiments conducted in the context of RDI, VAM, DEA and MODI methods on three test problems. It has been observed that for the expected optimal solutions by the classical MODI method [1] [2] [3] as shown in Table 1 , the RDI method fails to find the optimal solutions in all three examples. The DEA method [3, 12] fails to find optimal solution in problems 2 and 3, whereas it finds optimal solution in problem 1. The VAM method, which is commonly known as an initial basic feasible solution method finds the optimal solution in problem 3, but fails in problems 1-2. In Fig. 2 , we show the number of times, out of these three example problems (problems 1-3), a method behaves optimal or nonoptimal. The statistics in Table 1 and Fig. 2 are sufficient to conclude that the RDI method is not an optimal method for solving transportation problems. Moreover, the results of the RDI method are far behind the optimal solutions for problems 1-3 as compared with other methods like VAM and DEA methods. This is clearly explained in Fig. 3 . Therefore, through the exhaustive comparative analysis of the RDI method with others, we conclude that the RDI method is not an optimal method for solving transportation problems as claimed in [6] , however, it is an initial basic feasible solution method. While RDI method is an initial basic feasible solution method, the best method for this purpose in our comparison with lesser errors is the DEA method, see Fig. 3 . 
Problem 1. (Balanced model)

Conclusion
The optimal solution of transportation problems was considered, and the claimed optimality of RDI method was investigated against a few other similar methods keeping the MODI method solution as the reference optimal solution. Three important problems from literature were quoted where the RDI method failed to be optimal. Therefore, the RDI method cannot be considered as an optimal method for transportation problems. Likewise, DEA and VAM also failed to find optimal solution in some cases. All methods under comparison can be regarded as only the initial basic feasible solution methods with the DEA method being the best in these with regards to smaller errors.
